Introduction
============

Thyroid cancer accounts for 1%--2% of all malignancies, representing the most common endocrine malignancy.[@b1-ott-8-1039] Medullary thyroid carcinoma (MTC) accounts for 5%--10% of cases of all thyroid cancers.[@b2-ott-8-1039] Histological subtypes of thyroid cancer have different embryological origins; MTC originates from parafollicular cells of the ultimobranchial body, derived from the fourth pharyngeal pouch.[@b3-ott-8-1039] They occur both as sporadic tumors and as a component of multiple endocrine neoplasia type 2. Hereditary MTC is a component of multiple endocrine neoplasia type 2 but also presents as familial MTC. Mutations of the proto-oncogene, *RET*, found on chromosome 10q11, are present in more than 95% of hereditary MTCs and approximately 25% of sporadic MTCs.[@b4-ott-8-1039] They secrete calcitonin and carcinoembryogenic antigen (CEA), both of which can serve as tumor markers. The primary treatment for MTC is aggressive surgical resection. The role of external-beam radiotherapy is limited and radioiodine treatment or thyroid-stimulating hormone-suppression is not indicated because these tumors do not concentrate iodine.

Patients with progressive or symptomatic metastatic disease who cannot be treated with surgery or radiotherapy should be considered as candidates for systemic therapy. Treatment with either cytotoxic chemotherapy or biologic response modifiers may provide some benefit for occasional patients. New targeted therapies are emerging as effective interventions for progressive disease. Now chemotherapy is reserved for patients who have failed or are ineligible for targeted therapies.

Case
====

A 40-year-old male patient presented to a hospital in December 2011 with a right-sided thyroid mass and hoarseness. An ultrasound scan (USS) and fine needle aspiration cytology was consistent with MTC. The blood laboratory analysis of the patient revealed high serum levels of calcitonin and CEA, 222 pg/mL and 18 ng/mL, respectively. In December 2011, the patient underwent a total thyroidectomy and bilateral neck lymphatic dissection with a good recovery. Histological analysis of this specimen revealed a 17 mm MTC. In total 49 lymph nodes were removed from the right central, paratracheal, right lateral neck, and 13 lymph nodes contained malignant deposits. These were positive for MTC (12 lymph nodes from the right and one lymph node from the left cervical). Tumor tissue examination for the RET oncogene mutations was negative and no familial or personal history was positive for a genetic syndrome. The postoperative serum calcitonin and CEA levels were 1.99 pg/mL (normal range: 0--18 pg/mL) and 0.9 ng/mL (normal range: 0--3 ng/mL non-smoker), respectively. A USS of the neck did not reveal lymphadenopathy. Following normal urinary catecholamine, metanephrine determination the patient proceeded to a surveillance program. The patient made a good recovery with a normal serum calcium on no supplements at 2 weeks follow-up. However, in the subsequent months the calcitonin levels began to rise to pre-reoperative surgery levels suggesting low grade persistent disease. A computed tomography (CT) scan and USS of the neck were performed in July 2012 revealing only cytologically proven small metastatic lymph nodes. The patient underwent a repeat uncomplicated selective neck lymph dissection. Histological analysis confirmed that lesions showed features consistent with metastatic MTC. Immunocytochemistry revealed calcitonin expression and nuclear TTF-1 expression supporting MTC. In the subsequent months serum calcitonin and CEA levels began to rise. Skin nodules began to grow and by August 2014, serum calcitonin and CEA levels reached 411 pg/mL and 31.51 ng/mL. A fluorodeoxy-[d]{.smallcaps}-glucose--positron emission tomography (FDG-PET) scan of the whole body, performed in August 2014, revealed widespread evidence of metabolically active disease involving the right retropharyngeal space, upper right side of larynx, right superficial, depth axillar conglomerated lymph nodes, paraesophageal lymph nodes, IVa and VIII liver segments, aortocaval, peripancreatic, para-aortic, and pericaval areas consistent with widespread disease. Since surgery was not possible we considered the use of tyrosine kinase inhibitors (TKIs) (vandetanib, cabozantinib, etc) as first line therapy but these drugs are only available after systemic cytotoxic treatment in Turkey with special permission. Therefore, we treated our patient with capecitabine (1,700 mg/m^2^) from day 1 to 14 and temozolomide (200 mg/m^2^) from day 10 to 14 every 4 weeks. Assessments of tumor measurements, serum calcitonin, and CEA were made before treatment and followed-up. After two courses of treatment, the patient was referred to the clinic in December 2014 with improved performance and was asymptomatic with normal hemoglobin, calcium, urea, and creatinine levels. The calcitonin and CEA levels decreased to normal range ([Figures 1](#f1-ott-8-1039){ref-type="fig"} and [2](#f2-ott-8-1039){ref-type="fig"}). The radiologic imagines (thorax and abdominal CT) revealed significant shrinkage of axillary, para-aortic, and paracaval lymph nodes and shrinkage rate including liver lesions was more than 50%. The chemotherapy was well tolerated, with no diarrhea or hematologic toxicities.

Discussion
==========

In patients with progressive metastatic MTC, treatment with traditional cytotoxic agents provides limited benefit. Partial responses are reported in approximately 10%--20% of patients, but long-term responses are uncommon and cure is impossible. As in other tumors, tyrosine kinases play a significant role in the regulation of tumor proliferation, angiogenesis, invasion, and metastasis in MTC. Small molecule inhibitors of select tyrosine kinases have been of interest for the treatment of advanced MTC, given the oncogenic role of inherited and somatic mutations in the tyrosine kinase *RET*, as well as the contributory roles of tyrosine kinases in growth factor receptors such as VEGFR.[@b5-ott-8-1039] These drugs partially inhibit multiple kinases at nanomolar concentrations and often affect multiple signaling pathways. So availability of effective TKIs is changing the standard approach in MTC, further limiting the role of cytotoxic agents.[@b6-ott-8-1039] Thus, there is a trend toward using traditional cytotoxic agents as a salvage therapy in MTC or reserved for patients who are unable to participate in clinical trials or have failed or cannot tolerate kinase inhibitors. Most regimens for patients with MTC combine dacarbazine with other agents, including vincristine, 5-fluorouracil, cyclophosphamide, streptozocin, or doxorubicin, without significant advantage of one combination compared to another. The combination of cyclophosphamide (750 mg/m^2^), vincristine (1.4 mg/m^2^), and dacarbazine (600 mg/m^2^ daily for 2 days in each cycle) every 3 weeks was administered to seven patients with metastatic MTC.[@b7-ott-8-1039] Two patients experienced \>50% shrinkage in tumor dimensions lasting more than 1 year, and two others had stable disease. Another regimen (repeating cycles of doxorubicin 60 mg/m^2^ on day 1, and streptozocin 500 mg/m^2^ daily for 5 consecutive days, followed 4 weeks later, by fluorouracil 400 mg/m^2^, and dacarbazine, 200 mg/m^2^, daily for 5 consecutive days) was given to 20 patients with progressing distant metastases.[@b8-ott-8-1039] Three patients (15%) had partial responses lasting more than 18 months, and ten (50%) were stable for at least 8 months. Toxicities of dacarbazine include neutropenia, thrombocytopenia, nausea, vomiting, and hepatotoxicity. Doxorubicin (60--75 mg/m^2^ every 3 weeks, or 15 mg/m^2^ weekly) has been approved by the US Food and Drug Administration (FDA) for the treatment of all histological types of metastatic thyroid carcinoma including MTC, but fewer than 30% of patients have an objective response, without any complete responses, and the duration is generally short.[@b9-ott-8-1039],[@b10-ott-8-1039] Temozolomide is an oral alkylating agent with a wide range of antitumor activity and relatively little toxicity. Both temozolomide and dacarbazine are prod-rugs of the active alkylating agent 5-(3-methyltriazen-1-yl) imidazole-4-carboximide. Although dacarbazine requires metabolic activation, temozolomide spontaneously converts to 5-(3-methyltriazen-1-yl)imidazole-4-carboximide under physiologic conditions. Cytotoxicity of temozolomide is mediated principally through methylation of DNA at the *O*6 position of guanine, although other mechanisms of actions have also been proposed. Temozolomide has demonstrated 100% oral bioavailability, and is therefore a better alternative to dacarbazine.

Recent small studies have suggested activity of the combination of temozolomide and capecitabine in some gastrointestinal neuroendocrine tumors (NETs). In one retrospective study of 18 patients with metastatic, well-differentiated NETs, there was one complete radiographic response and one partial response among four patients with gastrointestinal NET. Notably, one of the responses was in a patient with a duodenal NET.[@b11-ott-8-1039] In a report of a Phase II trial of temozolomide plus capecitabine, four of 12 patients with metastatic NETs originating in various sites were reported as having partial responses.[@b12-ott-8-1039] However, the primary sites of these responding tumors were not reported. Larger, prospective studies are clearly needed to better assess the potential activity of temozolomide and capecitabine in NETs and to assess whether activity may differ depending on primary tumor site.

MTC is a well-differentiated NET, therefore MTC patients have so far been treated with drugs with demonstrated activity against other well-differentiated NETs. So far, some Phase II clinical trials using capecitabine in the treatment of metastatic MTC have been published.[@b13-ott-8-1039]--[@b15-ott-8-1039] Temozolomide and capecitabine regimen is well tolerated at the dose of temozolomide (200 mg/m^2^) and capecitabine (1,700 mg/m^2^) per day. Diarrhea and hand-foot syndrome, two of the major adverse effects of capecitabine, were not observed. Serious hematological side effects of temozolomide were not reported either.

As far as we know, this is the first report demonstrating the clear activity of temozolomide and capecitabine in MTC. These drugs may represent a reasonable therapeutic alternative for patients with metastatic disease. So this case is important because it shows clear activity of this combination in MTC.
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